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ABSTRACT 
 
 
 
 
The native cyanobacteria, Nostoc, is found throughout much of the US and has a 
cosmopolitan distribution.  It is a found in free-living colonies on the surface of the 
ground, growing symbiotically with fungi to form lichen species, and grows 
symbiotically in the rhizomes of the angiosperm, Gunnera (Gunneraceae). Nostoc fixes 
atmospheric nitrogen into ammonia, which may then be used or converted to a form 
suitable for plant growth.  The free-living forms we investigated desiccate during times of 
dry weather and rehydrate to photosynthesize and fix nitrogen.  Nostoc colonies were 
collected locally and allowed to desiccate to a uniform moisture content.  Seeds of corn 
were planted in pots in a heated greenhouse. We applied Nostoc and/or a nitrogen-only 
fertilizer in all combinations to the tops of the pots.  The fertilizer was applied at one-half 
strength and full strength of the recommended rates.  There was also an unfertilized 
control for treatments.  In this study and its replication, results indicate that the addition 
of Nostoc can increase plant height and leaf number of plants.  Thus demonstrating 
Nostoc’s potential as a sustainable biofertilizer. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
Nitrogen (N) is an essential macronutrient for plant growth and survival, yet it is 
often a limiting nutrient in agricultural soils.  Deficiency will limit plant growth and 
reproduction, crucial life stages for successful agricultural production. Seventy-eight 
percent of the earth’s atmosphere is composed of N, but none of it is available to plants.  
Atmospheric N is in the form of molecular N. To be utilized by most organisms it must 
be fixed into ammonia, ammonium nitrate, urea, nitrate or other forms (Freeman 2008).  
In the natural world, only a few soil dwelling bacteria are capable of fixing N, among 
these are cyanobacteria.   
With limited forms of naturally occurring N available for agriculture, crop 
production typically involves the application of synthetic fertilizers.  These fertilizers are 
created via the Haber-Bosch process, developed during the First World War as a way to 
synthetically create ammonia largely for use in explosives.  Post-war ammonia 
production returned to the more benign activity of crop fertilization, thereby depleting a 
fossil fuel. 
Fabricating ammonia on an industrial scale utilizes natural gas, pollutes the air, 
and is costly.  In addition to the financial cost, we pay an environmental price in the form 
of pollution from synthetic fertilizer application run off and misapplication.  N, as a 
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crucial yet often lacking nutrient necessary for a successful harvest may be applied in 
excess to ensure success.  Yet, these excess nutrients run into waterways and in 
significant quantities create algal blooms, which are not only harmful to humans when 
found in drinking water, but damage aquatic environments as the bloom rapidly 
consumes all available nutrients, creates an anaerobic environment, and leaves a dead 
zone that takes decades to repair.  With the pressures placed on our land to produce even 
higher yields and this combination of farmer and environmental expenses across the 
globe, there is an ever-greater need to seek out alternatives to synthetic N fertilizers to 
alleviate financial burdens and reduce the potential for further environmental degradation 
from N pollution.     
A potential solution to the N problem is cyanobacteria, previously known as blue-
green algae.  Cyanobacteria are a diverse and ancient group of prokaryotes that are 
responsible for first contributing oxygen to the earth’s atmosphere and thus shaping the 
planet we live on today.  Although typically aquatic as they were in prehistoric times, 
some cyanobacteria today are terrestrial (Freeman 2008).  In addition to this valuable 
prehistoric contribution, today’s cyanobacteria have the potential to shape the agricultural 
world as bacteria that naturally fix N.    
This research focuses on a single genus, Nostoc, a filamentous, or chain forming 
cyanobacteria that like the entire classification of cyanobacteria is found globally 
(including Antarctica) and is both terrestrial and aquatic.  Nostoc’s ability to survive 
repeated events of desiccation and regain metabolic activity soon after rehydration is 
likely key to its success in harsh terrestrial environments.  
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Nostoc’s N fixing ability has been investigated in a number of studies that have 
indicated its potential to contribute N to soils.  Using an isotope, N fixed by Nostoc 
residing on sand dunes was traced into the surrounding soil and the tissues of four 
angiosperm species growing nearby (Stewart 1967).  This study serves as proof of 
concept by clearly demonstrating that atmospheric N fixed by Nostoc can then be 
contributed to the soil and assimilated by nearby plants.   
Quantities of N contributed by Nostoc vary greatly depending upon location and 
associated climate. Globally, Nostoc may fix 0.24-3972 micromoles of N per meter per 
hour.  Yet these values include Antarctica and tropical locations and some aquatic forms 
of Nostoc.  Bringing this into agricultural terms with Nostoc, the prior range of values 
translates to .029-487.38 kg N/ha/yr.  These are agriculturally significant quantities that 
indicate the potential of certain Nostoc ecotypes to not only supplement N needs, but 
fulfill all needs and replace synthetic N fertilizer (Dodds et al. 1995).   
In addition to supporting N needs, on semi-arid African soils Nostoc vastly 
increased soil organic carbon on the scale of 30-100% over three months. As Nostoc 
continued to colonize the soil it also improved phosphorus, potassium, calcium, 
magnesium, manganese and zinc (Pardo et al. 2009).   
A crucial hurdle to harnessing the N-fixing potential of Nostoc is maintaining 
Nostoc in its active state and under conditions that maximize N fixation.  Moisture, 
temperature, and light are all factors in creating the ideal state for N fixation (Kershaw 
1985; Jones 1989).  As noted before, Nostoc is highly tolerant of repeated desiccation and 
withstands years of drought.  There is a case of Nostoc recovering after 107 years 
preserved as an herbarium specimen (Dodds et al. 1995).  A variety of studies examining 
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Nostoc under varying regimes of drying and rewetting conditions have demonstrated 
Nostoc’s flexibility in regaining metabolic functions within hours of exposure to water, 
specifically recovering N activity in 4-5 hours (Dodds et al. 1995).  Even though Nostoc’s 
N fixation is restored quickly after rehydration, desiccation is the factor that limits its 
productivity.  Yet, constant hydration reduces N fixation in some cyanobacteria (Jones 
1989), just as extensive periods of desiccation can result in a longer time span required to 
reach maximum N fixation after rehydrating (Jeffries et al. 1992).  However, other 
research indicates that repeated desiccation can increase tolerance to desiccation (Scherer 
and Zhong 1991).  Beyond the effect of desiccation, day length and cloud cover also 
influence N fixation rates, with longer day lengths and lack of cloud cover related to 
increased fixation (Dodds et al. 1995).   
 Nostoc also occupies a unique place in many symbiotic associations within 
lichens and within the tropical angiosperm Gunnera.  In both of these cases Nostoc serves 
as a valuable fount of N.  In wheat cultivation certain species of Nostoc can form tight 
associations with the roots and even penetrate the root cortex and colonize tissues (Gantar 
et al. 1991a; Gantar et al. 1991b).  This work lies in a vein of research seeking to induce 
root associations similar to those of legumes and Rhizobium, a soil bacterium, which also 
fixes N and forms nodules in legume root systems.  This has been a research goal of crop 
scientists for decades.   
 Rice paddies, being routinely flooded, present prime conditions for the growth of 
cyanobacterial colonies, and those colonies are often naturally occurring.  In recent years 
Nostoc has been promoted as a biofertilizer in rice paddies and is estimated to contribute 
5 
 
20-80 kg N/ha per rice crop (Nilsson et al. 2002).  These quantities align well with the 
spectrum of Nostoc fixation values (.029-487.38 kg/ha/yr).  
 While all of these studies do support the concept that Nostoc can fix N to benefit 
plant growth, they do so in a limited scope with applications relevant to single crops such 
as wheat or rice and none have sought commercial application.  This research seeks to 
harness the N producing capabilities of Nostoc to provide a sustainable source of N for 
agricultural applications without crop specificity. 
Utilizing Nostoc would not create the excess N run-off that current synthetic 
fertilizers produce and would provide an inexpensive, sustainable, slow release, and 
atmospherically derived source of N.  This will be possible through the application of 
Nostoc colonies to the soil or media surface.  Throughout its lifespan the colony will 
continue to fix N, while routine watering and/or rainfall will wash and distribute the N 
into the surrounding soil, making it available as a biologically derived fertilizer.  Whether 
Nostoc is capable of supplying all the N needs of plants growing under these conditions 
remains unknown.  Yet, even a partial contribution will be highly valuable to the 
industry.  As demonstrated through the literature this type of application is not a new 
concept, rather a relatively well understood organism, which has been used in numerous 
ways before being directed towards yet another more versatile application.   
 To demonstrate the feasibility of this new application a series of studies were 
conducted to examine the potential of a locally found ecotype of Nostoc.  Work began 
with an anatomical analysis to determine that the collected specimens were composed of 
Nostoc. A hydration study was conducted to determine the time span required for this 
Nostoc ecotype to fully hydrate thereby providing insight into its metabolic flexibility.  
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To test the application, bioasssays were run to assess the impact of the N produced by 
Nostoc on plant growth and thus its suitability for further exploration.  A leachate study 
was used to test the mechanism of washing the N out of Nostoc.
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CHAPTER 2 
 
 
METHODS 
 
 
Identification and Collection 
 Free-living Nostoc colonies were 
collected from the edges of a gravel 
walking path at Ephram White Park, in 
northern Warren County, Kentucky (Fig. 1 
& 2). Soil, gravel or organic matter 
clinging to the underside of the colonies 
was removed during collection or prior to 
use in a study.  The samples were dehydrated and stored in a laboratory until needed for 
use in a study. 
To conduct a microscopic 
examination samples were hydrated 
with water for approximately an hour 
during which time they became 
gelatinous.  Portions were thinly sliced 
and oriented on a slide in order to view 
the cross-section and examined under a       
microscope utilizing all magnifications.  
Figure 2. Nostoc at Ephram White Park,  
dehydrated state.   
Figure 1. Nostoc at Ephram White Park, 
hydrated state. 
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Hydration Study 
    Twelve dehydrated, continuous colonies of Nostoc were selected and hydrated 
at room temperature on the lab bench in a shallow pool of water placed on saturated 
paper towels within petri dishes to prevent the creation of an oxygen deficient 
environment. The mass of each colony was measured at specific intervals (.25, .5, 1, 2, 4, 
12, and 24 hours) to determine the change in mass while hydrating and also the time 
required to fully hydrate.  Mass was measured using an electronic balance with a “wind 
screen” to prevent any fluctuations in measurement from outside forces.  After the 
passing of each time interval, each colony was lifted from its petri dish and blotted using 
a ChemWipe to remove excess water prior to measuring its mass.    
 This study was repeated to gain a longer time scale perspective for eighty-four 
hours, with measurements taken every twelve hours.  The colonies were maintained on 
top of fine mesh, plastic screens in weigh boats to facilitate easy removal of each colony 
from their source of water.  As in the prior study, excess water was removed. 
Corn Bioassay 
Corn was selected as the bioassay subject for its quick growing time and 
significant N requirements.  Six seeds were planted in each six-inch azalea pot, filled to 
the rim with perlite, which was selected for its minimal intrinsic nutrient content and 
likelihood to decrease the potential presence of any undesired organisms. Using a 
randomized block design with five replications, six paired treatments were applied 
weekly; a control with no fertilizer, one-half strength fertilizer, and full strength fertilizer.  
Each treatment was applied with and without Nostoc applied directly to the 
surface of the perlite at a rate of 4.8-4.9 grams per pot. An organic N-only fertilizer was 
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Figure 3. Corn plants for bioassay growing on 
greenhouse bench. 
used as the comparison for the N produced by Nostoc. This work was conducted in the 
greenhouse at the WKU Bowling Green campus (Fig. 3).  Measurements of leaf number 
and plant height in centimeters were recorded weekly. At the termination of the study all 
plants were destructively sampled to acquire oven-dried shoot and root weights.  
This first bioassay was conducted Fall 2009 using ‘Kandy Korn’ hybrid sweet 
corn and terminated twenty-five days after emergence.  To confirm results a second 
bioassay was conducted Fall 2013 using ‘Yellow Trucker’s Favorite’ corn in a blend of 
vermiculite and perlite.  This study made use of 9 (+/- 0.1g) grams of Nostoc per pot and 
lasted eight weeks.   
 
 
 
Leachate 
 A laboratory study was conducted to examine the leachate derived from Nostoc. 
Five colonies were hydrated for five days at room temperature to ensure complete 
hydration.  At the termination each colony was placed on a piece of filter paper in a 
Figure 4. Rinsing set-up. 
Funnel containing Nostoc for 
rinsing and two weigh boats 
holding Nostoc.   
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funnel (Fig. 4) and rinsed with 50 mL of deionized water to replicate the mechanism of 
washing the N out of Nostoc and into the soil media.  After the water had passed through 
the Nostoc colony it was collected and analyzed for nitrates, nitrites and ammonia N.  
Three of the samples were randomly selected for analysis and compared against two 
controls of only deionized water.   
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CHAPTER 3 
 
 
RESULTS 
 
 
Identification and Collection 
Individual Nostoc cells were identified 
by its distinct chain formation, heterocysts and 
akinetes all visible under microscopic 
examination (Fig. 5).  
Hydration Study   
 Nostoc’s mass rapidly increased as measured at the initial fifteen-minute interval 
after hydration began (Fig. 6).  The increasing masses of the colonies followed a similar 
trend (Fig. 7).  After 60 minutes, the colonies with relatively large initial masses 
continued to show steadily increasing masses, and the colonies with relatively small 
initial masses increased at a less rapid rate.  The mass of the largest three colonies 
increased nearly nineteen times faster than the three smallest.  Examining the average of 
all the colony’s masses shows an 870% increase in mass over the course of twenty-four 
hours.   
 As the hydration time progressed the bodies of the Nostoc colonies became 
increasingly engorged with water and fragile.  Unless handled carefully removing a 
colony from the petri dish for hydration caused tearing.  Small pieces of Nostoc were 
prone to breaking off during the rinsing and being pulled off while being blotted by the 
Figure 5. Microscopic magnification 
of Nostoc. 
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ChemWipe.  However, these pieces were not of a significant size and reunited with and 
weighed with the entire colony. 
 
 
 
 
 
 The hydration study was replicated for eighty-four hours with measurements of 
mass beginning at twenty-four hours and continuing every twelve hours until eighty-four 
hours had passed (Fig. 8).  Like the prior study, mass rapidly increased initially; after 
Figure 6. Mass (mg) of twelve colonies as they hydrate 
during the first hour. (Enlarged portion of Figure 7) 
 
Figure 7. Mass of twelve colonies as they hydrate over twenty-
four hours.  Bold red line represents the average mass. 
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twenty-four hours many of the colonies reached a relatively constant level of hydration.  
Some fluctuations were observed.   
 
 
Corn Bioassay 
 Measurements of leaf number and plant height of Kandy Corn taken at the 
termination of the study were compared using an Analysis of Variance (ANOVA) (p > 
0.05).  Examining the treatments with increasing levels of fertilizer application, the 
paired treatments of no fertilizer and no fertilizer with Nostoc were not statistically 
different in leaf number or plant height, the paired comparison of half strength fertilizer 
and half strength fertilizer plus Nostoc did show a significant increase in plant height and 
leaf number in the presence of Nostoc, and the treatments of full strength fertilizer and 
full strength fertilizer with Nostoc were not significantly different in leaf number but 
were statistically taller (Fig. 9 & 10).   
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Figure 8. Mass of twelve colonies as they hydrate over 
eighty-four hours. 
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 Oven-dried root and shoot biomass data were also compared using an ANOVA (p 
> 0.05).  The corn plants exposed to no fertilizer and no fertilizer with Nostoc applied to 
the surface of the pot treatments did not have significantly different root or shoot biomass 
when comparing the treatments to each other.  Like the plant height and leaf number for 
the same treatments, the root and shoot biomass was significantly greater for plants 
(+)Nostoc 
(+)Nostoc 
Figures 9 & 10. 
Means of leaf number (top graph) and plant height (cm) (bottom graph) for 
Kandy Korn.  The left bar in each pairing represents the mean of leaf 
number/plant height of the corn plants for treatment labeled on the x-axis.  
The right bar represents the mean of leaf number/plant height of the corn 
plants for the treatment labeled on the x-axis for that set with the addition of 
Nostoc to the surface of the pot. 
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grown with half strength fertilizer and Nostoc than those grown without Nostoc.  For the 
corn plants treated with full strength fertilizer there was not a statistical difference 
between the treatments for root or shoot biomass (Fig. 11 & 12).  
 
 
 
 
       
 In a similar manner the replicated study was analyzed using a two-tailed t-test to 
determine differences between treatment pairs. With eight weeks of weekly leaf number 
and plant height data these measures were compared over time in their treatment pairings.  
Comparing the corn grown with no fertilizer to the no fertilizer with Nostoc treatment, 
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
No Fert 1/2X Fert 1X Fert
(+)Collema)Nostoc 
Figures 11 & 12. Mean measurements of the oven dried shoot biomass (g) 
(top graph) and oven dried root biomass (g) (bottom graph) for Kandy Korn.  
The left bar in each pairing represents the mean oven dried shoot/root biomass 
of the corn plants for the treatment labeled on the x-axis.  The right bar 
represents the oven dried shoot/root biomass of the corn plants for the 
treatment labeled on the x-axis with the addition of Nostoc to the surface of the 
pot.    
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the addition of Nostoc resulted in significantly taller plants for the final four weeks and 
more leaves in the seventh week (Fig. 13 & 14).  The two other treatment pairings (1/2 
strength and full strength fertilizer with and without Nostoc) were not significantly 
different from each other.  For the destructive measures at the termination of the study the 
Nostoc and no fertilizer pairing once again yielded the only significant results of greater 
shoot mass with the addition of Nostoc.  No differences were noted between any of the 
pairings for their dry root biomass (Fig. 15 & 16). 
 
 
  
 
 
Figures 13 & 14. Six weeks of leaf number (top graph) and plant height data 
(bottom graph) for Yellow Trucker’s Favorite corn bioassay for the no 
fertilizer and no fertilizer with Nostoc treatments.  The upper line in each graph 
corresponds to the no fertilizer with Nostoc and the lower line without Nostoc.  
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Leachate 
 Results confirmed that N fixed by Nostoc can be washed out of a colony.  No 
detectable quantities of nitrates or nitrites were found; however, ammonia N was detected 
ranging from 0.051 to 0.162 mg/L.  The control samples did not include detectable 
amounts of any form of N.  
* 
Figures 15 & 16. Mean measurements of the oven dried shoot biomass (g) 
(top graph) and oven dried root biomass (g) (bottom graph) for Yellow 
Trucker’s Favorite corn bioassay.  The left bar in each pairing represents the 
mean oven dried shoot/root biomass of the corn plants for the treatment labeled 
on the x-axis.  The right bar represents the oven dried shoot/root biomass of 
the corn plants for the treatment labeled on the x-axis with the addition of 
Nostoc to the surface of the pot.    
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CHAPTER 4 
 
 
DISCUSSION 
 
 
Hydration Study 
 The results of the hydration study support field observations that Nostoc rapidly 
hydrates after precipitation from a crust-like form into a gelatinous state capable of 
photosynthesis and N fixation.  Field observations have also indicated that this population 
of Nostoc can hydrate year round whenever water is available, even in snowy conditions.  
Eleven of the twelve colonies at least doubled their mass within the first fifteen minutes 
of hydration (Fig. 7).  The variation in the rate of hydration between the colonies could be 
attributed to differences in surface area.  The larger the colony the greater the surface 
area, thus allowing greater access to water for the colony to take up.  Over the 24 hours 
all of the Nostoc colonies continued to hydrate.  When Nostoc is fully hydrated, we 
expected the colonies to maintain a relatively constant mass. In this study we found an 
increasing mass after 24 hours.  A longer time span was necessary to determine when 
Nostoc typically reaches full hydration.  However, the average of 870% mass gain in a 
mere twenty-four hours is notable and indicates Nostoc rapid response to changes of 
conditions. Nostoc’s tendency to break up during the hydration study is interesting 
because it indicates that the colonies are not cohesive entities, rather they are composed 
of many parts and lobes prone to separation.  This suggests that Nostoc may utilize 
disturbance to spread and thus reproduce.  
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 The replication of this hydration study confirmed that a longer time span was 
required to reach full hydration.  After twenty-four hours the majority of the colonies did 
quickly reach full hydration as evidenced by their consistent mass (Fig. 8).  Fluctuations 
in mass are clearly visible in the data; this may be the result of actual fluctuations in the 
intake of water by Nostoc, or simply human error and inconsistency in blotting the 
colonies.   
Corn Bioassay 
 In the first bioassay the significant increase in leaf number and plant height in the 
half strength fertilizer treatment with Nostoc (Fig. 9 & 10) supports the hypothesis that 
Nostoc produces N in sufficient quantities to benefit plant growth.  Likewise, in the 
second study the significant increase in plant height for four weeks of the no fertilizer and 
Nostoc treatment further supports the hypothesis (Fig. 14).  In the second study leaf 
number was only significantly greater the seventh week; however, there was a consistent 
a trend towards more leaves with the addition of Nostoc (Fig. 13).  Leaf number is a more 
subjective measure than plant height, which is highly accurate.  The plants in the second 
study were grown in late fall which encouraged a “stretchy” growth habit, obvious in the 
elongated and easily damaged leaves as a result of low lighting.  In both studies, all 
treatment pairs demonstrated a trend towards improved plant height and leaf number with 
the addition of Nostoc.  These results solidly suggest that Nostoc can act as biofertilizer 
via N contribution.    
During the first study approximately half of the pot’s surface was covered with 
Nostoc.  If the entire surface of the pot had been covered, then it is expected that larger 
quantities of N would be produced and available to the crop to further increase its growth.  
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In the second study the quantity of Nostoc per pot was nearly doubled, yet the significant 
results were found only in the treatment with no fertilizer application.  Studies have 
shown that applying N fertilizers, specifically ammonia, to Nostoc will inhibit 
nitrogenase activity (Nilsson 2002). This is likely a mechanism to prevent excess 
expenditure of resources fixing N when there is already N available and cause of the 
results recorded in the treatments receiving fertilization.      
The first study used perlite alone as the growing media, while the second study 
employed perlite and vermiculite to improve water-holding capacity.  This increased 
water holding capacity also enhanced N retention in the media, likely causing the 
feedback response seen in the second study in which only the no fertilizer treatment saw 
a significant increase in growth with the addition of Nostoc. 
As noted before, perlite does not have a high water holding capacity when 
compared to soil, so Nostoc dehydrated after each watering event in the study.  Since 
Nostoc is only fixing N while hydrated (Kershaw 1985; Nash 1996), the positive results 
obtained were the result of only a fraction of Nostoc’s capabilities.  The change in the 
second study to using a blend of perlite and vermiculite did improve water retention, the 
underside of Nostoc colonies remained moist between watering events, which is a similar 
response to field observations.   
In the first study, the corn grown under the full strength fertilizer pairing does 
present a distinct decrease compared to the other treatment pairings.  One would expect 
that as the quantity of fertilizer applied increased that height, leaf number and biomass 
would increase as well.  This holds true for most of the data collected from no fertilizer to 
half strength fertilizer treatments.  There are two possible explanations for this 
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phenomenon.  First, it is possible that the fertilizer was applied at a rate that was too high 
and burned the roots, thus stunting the aboveground growth as well.  The second 
possibility is that the abundance of N made available to these plants did not necessitate 
significant root growth.   
In the replication the variety of corn used, Yellow Trucker’s Favorite, was not an 
hybrid variety, thus there was more genetic variation within the population of seeds 
compared to an F1 hybrid variety.  This variation did complicate the results of the study.  
Although there were distinct 
visual differences between 
treatments these differences 
were overshadowed by the 
variations between the plants 
growing in the same pots 
(Fig. 17).  For future studies 
hybrid generations of seeds 
will be used to avoid this. 
The second, longer term study facilitated further visual contrast of treatments. Not 
only did treatments receiving Nostoc as compared to their match without the 
cyanobacteria appear shorter, the leaves were also less green, a clear indicator of a lack of 
N.   
During the second study in the seventh and eighth weeks the Nostoc residing on 
the top of the pots was observed to be altering forms, likely decomposing, which drove 
the termination of that study.  This brought forth concerns that Nostoc is not contributing 
Figure 17. Plants grown in greenhouse for second bioassay.  
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N through fixation, rather contributing nutrients via its own decomposition.  However, 
based upon the literature and measures from earlier in the study this does not seem to be 
the case.  What this phenomenon does bring up is the need for further knowledge about 
the environmental requirements of Nostoc, in this case pH is thought to be a driver of 
Nostoc’s degradation at the end of the study.  Naturally occurring Nostoc is typically 
found on or near gravel walkways, which alter the local pH.   
Even with the complications that arose throughout the study, these results lend 
evidence towards the potential for the use of Nostoc as a N fertilizer supplement.   
Leachate 
 This study clearly demonstrated that the mechanism of washing the N out of 
Nostoc is valid.  The low quantity of N detected can be attributed to the poor lighting 
conditions in the environment the colonies were maintained in.  In a replication of the 
study, the colonies will be removed from the lab while hydrating and placed in the 
greenhouse to receive full light and thus encourage full metabolic functioning.  This 
replication will be more focused on quantifying the N fixing capabilities of Nostoc, rather 
than proof of concept.   
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CHAPTER 5 
 
 
CONCLUSION 
 
 
 This series of studies supports the hypothesis that Nostoc represents a sustainable, 
renewable, and biologically derived N source.  With refinement, Nostoc is a promising N 
fertilizer supplement.  The results of the hydration studies demonstrated the ability of 
Nostoc to hydrate rapidly when exposed to water and to continuously take on water over 
time.  This should translate into rapid response time in a commercial setting. The 
bioassays concluded with promising results for the use of Nostoc as noted by the 
significant increases in height, leaf number, and dry biomass from both of the studies 
demonstrating that Nostoc can function as a N supplement.  
Future Research 
Nostoc’s potential as a biofertilizer has been clearly demonstrated through this 
work and a thorough review of the literature.  Additional bioassays will be conducted to 
provide further compelling results that Nostoc can function as not only a fertilizer 
supplement, but also a replacement.  Nostoc’s versatility and ability to be applied to the 
soil surface of any crop remains one of its most advantageous facets. 
The ultimate goal behind studying Nostoc is to apply and use its N fixing 
capabilities in the agricultural and horticultural industries.  Currently, this goal is not 
close to being reached, but by conducting further research it becomes closer and closer 
each day.  If Nostoc is to be applied to industry a way must still be found to 
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propagate it and provide a consumer friendly form, but meanwhile it shows much 
promise.  
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